Measuring temperature changes of butterfly’s wing through deformation: a holographic approach
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Natural colors originate from either chemical or physical properties or both combined. Colors of chemical origin are caused by pigments and dyes, while structural colors arise from light interference [1]. The latter, is due to the interaction of visible light, with nanometer-scale features of biophotonic structures. The Morpho (Morpho didius) butterfly's wing scale appeared as an example of the most beautiful biophotonic architecture. This particular wing is densely covered with iridescent scales (structures which looks as micro-cantilevers). Furthermore, tiniest features of this biophotonic structure match the mean free path of air molecules at atmospheric pressure (approximately 100 nm), which is an essential condition to observe the photophoretic effect.

Thermal transport induced by laser radiation produces an additional thermophoretic force that deforms the wing scales [1]. Resulting deformation was monitored by real time digital holographic interferometry [3]. This deformation of wing scales can be used as a novel method of detecting low level thermal radiation. In our experiments we reached a temperature detection sensitivity of 2.9 mK, with the detection threshold of several μJ/cm2, depending on the wavelength [2]. 

Here in this work, the concept of holographic detection of thermophoretic force is conceptually highlighted, experimentally confirmed and discussed. 
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